and H+ion secretion by renal tubules has been evaluated by overall measurements of filtered load and urinary excretion (19, 23, 27) . More recently it has been possible to measure the rate of bicarbonate reabsorption in different nephron segments by pH and inulin TF/P determinations using micropuncture methods (5, 26, 31) . In this way, it was possible to study the variations in acid secretion along the nephron under different experimental conditions (2, 13, 25) . The development of a method for evaluation of intrinsic bicarbonate reabsorbing capacity, equivalent to Gertz' splitdrop method for NaCl reabsorption (1 l), appeared desirable in order to obtain values independent of GFR as well as from plasma bicarbonate concentration. This task proved feasible by utilization of the antimony pH microelectrode and provided some insight into the mechanism of bicarbonate and H+ ion handling by the proximal tubule of the rat kidney.
METHODS
Male albino rats weighing 250-350 g received a standard laboratory diet and water up to the time of the experiment. They were anesthetized with sodium pentobarbital (40 mg/kg intraperitoneally). Control rats received an infusion of 5 YO mannitol in isotonic saline at a rate of 0.1 ml/min. Acetazolamide-infused rats received a prime of 20 mg/kg of this drug, plus an infusion of 20 mg/kg per hour in isotonic bicarbonate given at the rate of 0.1 ml/mm. The preparation of the rat and standard micropuncture techniques followed previously published methods (17, 32) . The kidney was exposed by a lumbar approach. Arterial blood was obtained via a carotid artery. The experimental procedure for continuous measurement of proximal tubular pH is schematically shown in Fig. 1 . A double-barreled micropipette is used to inject first a column of perfusion fluid and subsequently a column of castor oil colored with Sudan black. An antimony microelectrode is introduced into the tubular lumen a few tubular diameters downstream or into the next surface loop. A column of perfusion fluid is isolated by oil and kept in contact with the microelectrode until the stabilization of the measured pH. The potential difference between antimony microelectrode and a reference calomel electrode in contact with the rat's tail is proportional to pH. An intratubular reference electrode was not used, since proximal tubular PD is absent (10) or very low (4), and furthermore would rapidly fall toward zero upon impalement with a relatively large electrode tip (5-10 ,u).
The preparation and standardization of the antimony microelectrode were described previously (3 1). pH values were recorded continuously on a Beckman RS Dynograph through an electrometer coupler (9808 A) at a speed of 5 mm/set, and interpolated from a buffer standard curve obtained after every puncture.
Several perfusions were made in every tubule, and only the reproducible curves were used. The continuous measurement of relatively fast pH changes proved to be feasible due to the fast response time of the antimony microelectrode, the half-time of approach of a new equilibrium after change of buffer solution during tubular perfusion being of the order of 0.2-0.3 sec. Since the observed pH changes were slower than these values, the results obtained by these measurements were probably not affected by the inherent delay of adjustment to new pH values by this electrode.
The following perfusion fluids were used: I) 25 mEq/liter NaHC03, 75 mEq/liter NaCl, 100 mM raffinose; 2) 100 mEq/liter NaHC03 , 100 mM raffinose; 3) and 4) identical to I and 2, but choline substituted for Na+. In some experi- The method. When rapid changes of pH inside the renal tubule are to be measured, it is obvious that the measuring probe, that is, the pH electrode, should be able to respond faster than the changes to be observed. This appears to be true for this antimony electrode, which approaches a new equilibrium with a half-time of a few tenths of a second, 4-6 times faster than the most rapid component of the observed pH curve. However, it is possible that the rate of the first, rapid phase obtained during the perfusions may be somewhat distorted by the inherent delay of adjustment of the electrode. Figure 2 shows quite clearly the difference between these velocities, the adjustment to the high pH at the beginning of the perfusion being faster than the acidification rate upon blockage (note curvilinear recording). The slower rate of the second phase, on the other hand, should certainly not be affected by the response time of the electrode. In any case, comparative measurements with the same system can certainly be of value. The data presented in this paper suggest that a fluid sample injected into the rat's proximal tubule undergoes acidification by two main processes; first, a rapid phase of equilibration with the PCO~ of the animal is more noticeable, and second, a slower process which involves reabsorption of bicarbonate becomes apparent. The first phase seems to be definitely related to CO:! movement, since it can be manipulated, that is, inverted or abolished, by appropriate changes of PcoQ of the perfusion fluid. The rate of equilibration with CO2 could be compared to that for red blood cells, which have a thickness of 1-2 p. These cells equilibrate with CO:! with a half-time of about 0.1 set at 37 C (6, 9), a value compatible with our data taking into consideration the considerably larger tubular diameter (about 30 p for the tubular lumen) (16). According to Roughton (28), in lung capillaries equilibrium with CO2 is 90 % complete in the transit time of about 1.3 see, which would correspond to approximately 3 half-times.
As for red blood cells, it could be assumed that the limiting factor would be the rate of hydration or dehydration of CO2 and not diffusion of this gas, for it should diffuse into red blood cells with a half-time of the order of 0.25 msec (9).
The rate of formation of carbonic acid could be calculated from the known CO2 hydration rate constant and, assuming instantaneous equilibration with plasma CO2 , at approximately 1. The actual initial rate of formation after acetazolamide in a solution of 25 mM NaHCOs (see Table 2 and In rats with acetazolamidc infusion, there is a marked overall slowing of the rapid acidification phase due to CO2 equilibration.
As shown on Fig. 7 , in these rats the CO:! concentration in the perfused column first rises slowly and later more rapidly.
It is not clear, at the present moment, what is the cause of this behavior. Two possibilities, however, might be considcrcd.
The first concerns an autocatalytic rate incrcasc, the rate of the reaction being accelerated by its products. The most likely candidate might be carbonic acid; howcvcr, no direct evidence is available.
The second possibility would be a direct effect of carbonic anhydrase on the diffusion of CO2 across the pcritubular cell membrane. If such a situation is considered, a finding similar to that of Diamond and Solomon in Yitella (7) could be expected. These authors explained the characteristics of potassium flux into the vacuole of these algae by a three-compartment system with a hidden intermediate compartment.
In this case, the intermediate compartment, which in our experimental situation could be considered to be the tubular cell, interposed between the reservoir (plasma) and tubular lumen, should have an initial concentration lower than that in plasma so that the initial slope of the CO2 concentration curve is very small. CO2 would begin to enter the lumen only after increase in concentration of the intermediate compartment.
The occurrence of low CO2 concentrations in this compartment could only be explained by a washout of CO2 during perfusion with a low CO2 solution before oil blockage. This pattern would appear only in acetazolamide-infused rats if the diffusion of the gas across the peritubular membrane were significantly slowed by this drug.
The slow phase, with a half-time of 34 set, seems to be related to bicarbonate reabsorption. The description of the second phase as a single exponential decay of bicarbonate concentrations seems to fit the experimental data adequately. It implies that the rate of bicarbonate reabsorption (or H+ ion secretion) is proportional to the gradient against which it proceeds. This would be the case in a pump-leak system, tending to a steady-state where transport by pump and backflow by leak arc equal. In the event of some degree of inhibition of the pump, at every gradient a lower transport rate would be expected; furthermore, the maximum gradient that could be established would be smaller. This situation describes adequately the effect of acetazolamide on bicarbonate reabsorption. 
where C = concentration at time t, Co = initial concentration, k = rate constant = In Z/t+, t = time in seconds. The rate of change of C at t = 0 is:
At an initial concentration of 100 mM NaHCO3 in the perfusion solution and using rate constants of 0.185 se@ for control rats and 0.0854 see+ for those with acetazolamide infusion, obtained from Nevertheless, in control rats a mean transport rate of 10.6 X lOA" pEq/cm2 l sec (t 3 = 7.35 ~fi 0.36 set, n = 9) was obtained, and in same path may be used for these two mechanisms, or at least that both systems had a step in common. The interesting fact is that during the experiments with bicarbonate perfusions no net sodium transfer should occur, since the acetazolamide-infused rats, the rate was 6.30 X 1o-3 pEq/cm2 l set (t;. = 12.4 =t 1.05 set, n = 10). Since these data are not much different from those at 100 mEq,,'liter, it
On the other hand, it has been observed that chloride fluxes tubules are perfused with solutions at sodium concentracan be inhibited by acetazolamide tion that H+ ion secretion could proceed, besides through generation is in series with its transport; both steps can be a determinant of the overall rate of secretion, depending on the experimental conditions. The generation process could, secretion would thus correspond to a system where its
The presen .t data do not seem to indicate the occurrence saturation of the bicarbonate transport system. Even at on the other hand, be a parallel system, where several sources contri bute to a common cell hydrogen pool. of concentrations of 100 mEq /liter, the second exponential corresponds to a straight l&e when plotted as in Fig. 6 , which would not be the case if at the highest concentrations a saturation effect would be apparent. This view is also supported by the fact that the differences between half-times at perfusions with 25 and 100 mEq/liter bicarbonate are only of borderline significance (Tables  2 and 3 ). In an attempt to saturate the transport mechanism for H+ ions,
